Multisensory interactions have been documented within low-level, even primary, cortices and at early post-stimulus latencies. These effects are in turn linked to behavioral and perceptual modulations. In humans, visual cortex excitability, as measured by transcranial magnetic stimulation (TMS) induced phosphenes, can be reliably enhanced by the copresentation of sounds. This enhancement occurs at pre-perceptual stages and is selective for different types of complex sounds. However, the source(s) of auditory inputs effectuating these excitability changes in primary visual cortex remain disputed. The present study sought to determine if direct connections between low-level auditory cortices and primary visual cortex are mediating these kinds of effects by varying the pitch and bandwidth of the sounds co-presented with single-pulse TMS over the occipital pole. Our results from 10 healthy young adults indicate that both the central frequency and bandwidth of a sound independently affect the excitability of visual cortex during processing stages as early as 30 msec post-sound onset. Such findings are consistent with direct connections mediating early-latency, low-level multisensory interactions within visual cortices. ª
Introduction
Responses to auditory and visual stimuli have been shown to interact in humans at early stages post-stimulus onset (i.e., within the initial 100 msec; Giard and Peronnet, 1999; Molholm et al., 2002; Cappe et al., 2010; Raij et al., 2010) and within a network of regions including primary auditory as well as primary visual cortices (Martuzzi et al., 2007; Cappe et al., 2010; Raij et al., 2010) . Moreover, there have been some demonstrations of the behavioral relevance of such early-latency and low-level multisensory interactions in terms of being linked to reaction time speed, perceptual outcome, or discrimination abilities (e.g., Romei et al., 2007 Romei et al., , 2009 ; Van der Burg et al., 2011; Cappe et al., 2012; Murray et al., 2012) . Whereas support for the latency and locus of these effects is reasonably convincing, establishing the extent to which earlylatency effects within primary visual cortex are the consequence of either direct projections from primary or nearprimary auditory cortex and/or inputs from higher-level association cortices (e.g., the superior temporal sulcus and/or parietal structures) has been less forthcoming and was our focus
